Hypoparathyroidism is a rare disease characterized by low serum calcium levels and absent or deficient parathyroid hormone level. Regarding the epidemiology of chronic hypoparathyroidism, there are limited data in Italy and worldwide. Therefore, the purpose of this study was to build a unique database of patients with chronic hypoparathyroidism, derived from the databases of 16 referral centers for endocrinological diseases, affiliated with the Italian Society of Endocrinology, and four centers for endocrine surgery with expertise in hypoparathyroidism, to conduct an epidemiological analysis of chronic hypoparathyroidism in Italy. The study was approved by the Institutional Review Board. A total of 537 patients with chronic hypoparathyroidism were identified. The leading etiology was represented by postsurgical hypoparathyroidism (67.6%), followed by idiopathic hypoparathyroidism (14.6%), syndromic forms of genetic hypoparathyroidism (11%), forms of defective PTH action (5.2%), non-syndromic forms of genetic hypoparathyroidism (0.9%), and, finally, other forms of acquired hypoparathyroidism, due to infiltrative diseases, copper or iron overload, or ionizing radiation exposure (0.7%). This study represents one of the first large-scale epidemiological assessments of chronic hypoparathyroidism based on data collected at medical and/or surgical centers with expertise in hypoparathyroidism in Italy. Although the study presents some limitations, it introduces the possibility of a large-scale national survey, with the final aim of defining not only the prevalence of chronic hypoparathyroidism in Italy, but also standards for clinical and therapeutic approaches.
Background
Hypoparathyroidism is a rare endocrine disorder characterized by hypocalcemia and hyperphosphatemia, due to absent or inappropriately low serum parathyroid hormone (PTH) levels. It may be caused by acquired and hereditary conditions [1] [2] [3] . Pseudohypoparathyroidism (PHP) is a less common disorder due to target organ resistance to PTH, characterized by similar mineral biochemical abnormalities, but with elevated circulating concentrations of PTH [1] .
Data in literature show that chronic hypoparathyroidism results from a surgical procedure in approximately 75% of patients and from genetic, autoimmune, or idiopathic etiologies in the remaining cases [1] . Chronic postsurgical hypoparathyroidism is generally defined as permanent when PTH is insufficient to maintain normocalcemia 6 months after surgery [2, 4] . Post-thyroid surgery hypoparathyroidism has a prevalence of 0.9-1.6% when thyroidectomy is performed by experienced endocrine surgeons, but it is as high 1 3 as 6.6% when thyroidectomy is performed by general surgeons [2, [5] [6] [7] . In the case of surgery for substernal goiter, head or neck malignancies with involvement of the anterior neck structures, or Graves' disease, a higher risk of postoperative hypoparathyroidism has been demonstrated [1] . The second most common cause of adult hypoparathyroidism is autoimmunity, either restricted to the parathyroids or encompassing other endocrine glands, such as autoimmune polyglandular syndrome type 1-3-4 (APS-1-3-4) or, rarely, APS-2 [2] . Other forms of genetic hypoparathyroidism can be associated with other organ defects or occur as isolated disorder. The remaining etiologies are rare and include infiltrative disease of metastatic or mineral-overload nature (copper, iron) or damage by ionizing radiation exposure. Finally, the term "idiopathic hypoparathyroidism" is used when the underlying cause is unknown or not investigated [1] .
Little data exist on the epidemiology and natural history of chronic hypoparathyroidism worldwide.
In Denmark, through registries and individual patient hospital charts, a total of 180 patients with non-surgical hypoparathyroidism were identified, among whom 123 were alive at the date of follow-up (prevalence of 2.3/100,000 inhabitants) [8] . A Danish study also identified 1849 patients with postsurgical hypoparathyroidism through the Danish National Patient Registry and a prescription database [9] . In this survey, the prevalence of postsurgical hypoparathyroidism was 22/100,000 inhabitants. Compared with controls, patients with hypoparathyroidism had an increased risk of renal complications and hospitalization due to seizures [9] . Recently, another Danish study showed that postsurgical hypoparathyroidism was associated with an increased risk of depression and other types of neuropsychiatric diseases, as well as infections, whereas patients seemed to be protected against fractures at the upper extremities and gastrointestinal malignancies, compared with controls [10] .
In the USA, the prevalence of hypoparathyroidism was estimated on the basis of the diagnosis of hypoparathyroidism in a large private health plan database over 12 months and projected to the USA insured population [11] . Incidence was also calculated from the same database by determining the proportion of total neck surgeries resulting in either transient (≤ 6 months) or chronic (> 6 months) hypoparathyroidism. The surgical-based incidence approach yielded 117,342 relevant surgeries resulting in 8901 cases over 12 months. The diagnosis-based prevalence approach estimated 58,793 insured patients with chronic hypoparathyroidism in the USA over the total number of insured patients (7.8 million patients) [11] .
Recently, Astor MC et al. conducted an epidemiologic survey on hypoparathyroidism in Norway [12] . Patients with hypoparathyroidism and 22q11 deletion syndrome were identified with electronic hospital registries. Five hundred twenty-two patients were identified, with an estimated overall prevalence of 102 per million divided among postsurgical hypoparathyroidism (64 per million), and non-surgical hypoparathyroidism (30 per million). Most patients were treated with vitamin D and calcium, and only ten patients received recombinant human PTH (rhPTH). Patients with hypoparathyroidism had a significantly worse score than the normal population regarding Short Form 36 and Hospital Anxiety and Depression scale [12] .
In Italy, only a recent retrospective, register-based study, although mainly focused on hospitalized postsurgical cases, was performed by analyzing records of hospital discharge over an 8-year period [13] . In this analysis, the mean prevalence of hypoparathyroidism among inpatients was 5.3/100,000 inhabitants per year [13] . No other analyses have been conducted in our country so far.
Current treatment options for management of chronic hypoparathyroidism are oral calcium and vitamin D (including its metabolites and analogs) supplements, and thiazide diuretics to reduce urinary calcium excretion [14] . Recently, two guidelines identified the main aims of treatment: to maintain serum calcium levels in the low normal range, or concentration slightly below normal (i.e., no more than 0.5 mg/dl below normal); to prevent signs and symptoms of hypocalcemia; to avoid hypercalcemia; to maintain serum phosphate within the normal range, and total calcium-phosphate product below 4.4 mmol 2 /l 2 (55 mg 2 /dl 2 ); to avoid hypercalciuria; and to avoid renal (nephrocalcinosis/ nephrolithiasis) and other extraskeletal calcifications [14, 15] . However, currently, we do not know what percentage of patients are adequately treated with standard treatment in accordance with these guidelines.
Over the past two decades, studies of recombinant human (rh)PTH (1-34) and (1-84) have ushered in a new era for the management of this disease, with an improvement of calcium homeostasis, particularly for patients who require large amounts of calcium and active vitamin D, and are not adequately controlled by conventional therapy [14] . To date, in the USA, the Food and Drug Administration (FDA) approved rhPTH [14] . In most cases, rhPTH therapy will not be needed, but exactly how many patients could benefit from this new treatment is still unclear in Italy, as well as in Europe.
Given that there is little epidemiological data regarding this endocrinological disease, and that a new treatment with rhPTH (1-84) will soon be available, the need for epidemiological data in Italy on chronic hypoparathyroidism is urgently felt. Therefore, we initiated an Italian survey encompassing both endocrinology and endocrine surgery centers with a long history of experience in the management of hypoparathyroidism. The survey was endorsed by the Italian Society of Endocrinology [Società Italiana di Endocrinologia (SIE)], and was conducted throughout the national territory as a retrospective observational study of chronic hypoparathyroidism, with the final goal of obtaining information on the epidemiology, and main clinical and therapeutic aspects of chronic hypoparathyroidism in the Italian referral centers involved.
Methods
A retrospective observational analysis of data derived from clinical databases on chronic hypoparathyroidism by 16 Italian centers for endocrinology, affiliated with the Italian Society of Endocrinology (SIE), and 4 Italian centers for endocrine surgery with expertise in hypoparathyroidism was conducted from March 2014 to September 2015. The centers involved in the project are distributed homogeneously in the Italian territory (six centers in the north, seven in the center and seven in the south). The study was coordinated by the Unit of Bone and Mineral Metabolism Diseases of the University Hospital of Florence, Florence, Italy.
A database for chronic hypoparathyroidism was created, and each center retrospectively collected requested data. All data inserted in the database derive from the baseline evaluation reported in clinical records of each center. Then, all data were collected and analyzed by the project coordinating center. This database included all subjects affected by chronic hypoparathyroidism of all ages and races, with a baseline evaluation at each center varying between 1980 and 2015. Some patients with chronic hypoparathyroidism could not be included in this analysis because they were not evaluated by specialized centers. The cases of postsurgical chronic hypoparathyroidism were diagnosed at least 6 months after neck surgery. All patients were undergoing treatment.
All available data concerning demographic data (sex, age), age of onset of the disease, year of the first assessment (baseline evaluation) at the specialist center, type of chronic hypoparathyroidism, description of type of thyroid/parathyroid surgery (in case of postsurgical hypoparathyroidism), genetic tests, clinical signs and symptoms of hypoparathyroidism at onset of disease and at baseline evaluation, biochemical exams of bone metabolism, instrumental exams performed, and type of therapy at the baseline evaluation performed at each referral center were collected and analyzed. Data on patients with pseudohypoparathyroidism (PHP) were analyzed separately from the other forms of chronic hypoparathyroidism.
All clinical data were collected anonymously, using the initials of the name and date of birth of each patient, using an electronic excel sheet. Table 1 shows the clinical questionnaire used to collect data derived from the medical records.
Analysis of frequencies and descriptive statistics were performed using the IBM Statistical Package for Social Sciences (SPSS 20.0) for Windows (IBM, Armonk, NY, USA). 
Results
A total of 537 subjects with chronic hypoparathyroidism were identified in the 20 Italian endocrinology and endocrine surgery centers participating in this study (Fig. 1 ). Among these, 28 cases were subjects affected by PHP. Of the patients identified in the database with chronic hypoparathyroidism, except patients with PHP, 399 (78.4%) were female and 110 (21.6%) male. The mean age of these patients at baseline evaluation was 48 ± 19.68 (SD) years, 50 ± 18.85 years for female and 43 ± 21.80 years for male, 48 subjects < 18 years (9.4%), and 461 ≥ 18 years (90.6%).
There was a predominance of the female gender, less evident, also in patients with PHP [(16 female (57.1%) and 12 male (42.9%)], while the mean age of these patients at baseline evaluation was lower [24 ± 12.99 (SD) years, 23 years ± 13.25 for female, and 25 ± 13.17 years for male, 11 subjects < 18 years (39.3%), and 17 ≥ 18 years (60.7%)].
The mean time span between the onset of chronic hypoparathyroidism in childhood and the first evaluation at each specialist center was 5.7 years, and between the onset of hypoparathyroidism in adulthood was 6.5 years. In case of PHP, it was respectively 2 and 8 years.
Etiology
The largest percentage of cases consisted of postsurgical hypoparathyroidism (67.6%), followed by idiopathic hypoparathyroidism (14.6%), syndromic forms of genetic hypoparathyroidism (11%), forms of defective PTH action (5.2%), non-syndromic forms of genetic hypoparathyroidism (0.9%), and, finally, other forms of acquired hypoparathyroidism, due to infiltrative diseases, copper or iron overload, or ionizing radiation exposure (0.7%) (Fig. 2 ). The patients with chronic hypoparathyroidism from iron overload due to thalassemia were probably not referred to the network of endocrine centers and, therefore, the number of these cases could be underestimated. Most of the cases of postsurgical hypoparathyroidism (87.5%) occurred after a total thyroidectomy, and 7.1% of cases after a parathyroidectomy with removal of multiple parathyroid glands. Partial thyroidectomy accounted for 3.7% of cases, and parathyroidectomy with removal of a single parathyroid gland accounted for 1.7% (after bilateral exploration) (Fig. 3) . The most frequent pre-surgical pathologies were thyroid adenoma or goiter or microcarcinoma (56%), followed by other thyroid cancers (35.6%), familial primary hyperparathyroidism (f-PHPT) (5%), and sporadic primary hyperparathyroidism (s-PHPT) (3.4%) ( Table 2) . Tables 3 and 4 describe the frequency analysis of the number of patients, under and over/equal to 18 years of age, suffering from various types of chronic hypoparathyroidism. These data show that most causes of chronic hypoparathyroidism under 18 years of age were syndromic forms of genetic hypoparathyroidism followed by end organ resistance to PTH action, and neck surgery. Conversely, most causes of chronic hypoparathyroidism described over/equal to 18 years of age were neck surgery, followed by syndromic forms of genetic hypoparathyroidism, by end organ resistance to PTH action, and, finally, non-syndromic forms of genetic hypoparathyroidism.
At onset of diseases, 61 cases (13.5% of 450) over/equal to 18 years and 17 cases (19.5% of 87) under 18 years were classified as idiopathic, while only 3 cases (0.6% of 450) over/ equal to 18 years and 1 case (1.1% of 87) under 18 years had acquired forms from other causes, such as metastatic disease copper or iron overload, or ionizing radiation exposure.
Symptomatology
The clinical features at onset and at baseline evaluation of all forms of hypoparathyroidism are shown in Figs. 4, 5 and Tables S1, S2 (Supplementary files). Types of chronic hypoparathyroidism (total cases: 537) Fig. 2 The frequency of all main types of chronic hypoparathyroidism described Fig. 3 The percentages of all types of surgical procedures, prior to the onset of postsurgical hypoparathyroidism Under 18 years, the most common clinical findings at onset of disease were tetany, followed by paresthesias, but in 32.6% the patients were asymptomatic. On the other hand, over 18 years, the most common clinical findings at onset of disease were paresthesias, followed by tetany; however, in 32.2% the patients were asymptomatic.
At baseline evaluation, regardless of the center and age group, almost half of patients were asymptomatic, and half were symptomatic. Among the symptomatic patients, the older group (age equal to or over 18 years) had a twofold greater prevalence of paresthesias (36 vs. 17%), whereas episodes of tetany were described in 15% of patients with age under 18 years and 10.1% in patients with age equal to or over 18 years.
Moreover, regarding the other clinical manifestations, 2 of 5 cases of DiGeorge syndrome presented dysmorphic features, and among 26 cases of PHP, 11 showed Albright's osteodystrophy (all cases of PHP type 1a), and 8 chondrocalcinosis (of these, 7 cases of PHP type 1a and 1 of PHP type 1b).
Biochemical Data
Biochemical exams of mineral metabolism, such as serum calcium, serum phosphate, and 24 h urinary calcium, collected at baseline evaluation at each center, often showed values above or below the reference range, for all types of chronic hypoparathyroidism.
In the group of patients with chronic hypoparathyroidism (total number: 509), the serum level of corrected calcium for albumin was available for 90.2% of patients [number of patients observed (N): 459]; among these, only 36.6% resulted within range (8.5-10.1 mg/dl), 18.9% were between 8.0 and 8.5 mg/dl, 62.7% were under 8.5 mg/dl, and 0.7% were over 10.1 mg/dl. Moreover, 93 (20.3%) had serum calcium levels under 8 mg/dl associated with symptoms of hypocalcemia (tingling or paraesthesia).
In patients affected by PHP (total number: 28), the serum level of corrected calcium for albumin was available for 78.6% of patients (N:22); among these, only 13.6% resulted within the range between 8.0 and 8.5 mg/dl, under 8.5 mg/ dl in 86.4%, over 10.1 mg/dl in 0%, and a similar percentage (35.7%) compared to the other group had serum calcium levels under 8 mg/dl associated with symptoms of hypocalcemia.
The level of serum phosphate in adult patients (total number: 461) with chronic hypoparathyroidism was available for 73.1% of patients (N: 337); among these, 63.2% resulted within range (2.5-4.9 mg/dl), under 2.5 mg/dl in 1.8%, and over 4.9 mg/dl in 35%. The level of urinary phosphorus 24 h was available for 33.2% (N:153); among these, 60% were within range (range 400-1300 mg/24 h), under 400 mg/24 h in 39.9%, and over 1300 mg/24 h in 0%. The level of serum magnesium was available for 39.7% (N:183); among these, 59% resulted within range (range 1.8-2.4 mg/dl), under 1.8 mg/dl in 39.3%, and over 2.4 mg/dl in 1.6%. The calcium-phosphate product was available for 73.3% (N:337); among these, the level was > 55 mg 2 dl 2 in only 0.9%, and the mean value of calcium-phosphate product was 36.32 ± 7.97.
In PHP adult patients (total number: 17), the levels of serum phosphate was available for 82.3% of patients (N:14); among these, 57.1% resulted within range, under 2.5 mg/dl in 7.1%, over 4.9 mg/dl in 35.7%. The level of urinary phosphorus 24 h was available for 41.2% (N:7); among these, 28.6% were within range, under 400 mg/24 h in 71.4%, and over 1300 mg/24 h in 0%. The level of serum magnesium was available for 41.2% (N:7); among these, 57.1% were within range, under 1.8 mg/dl in 42.9%, and over 2.4 mg/ dl in 0%. The calcium-phosphate product was available for 82.4% (N:14); among these, 7.1% were > 55 Mg 2 dl 2 , and the mean value of calcium-phosphate product was 35.6 ± 13.71.
In adult male patients (total number: 93) with chronic hypoparathyroidism, urinary calcium 24 h was available for 54.8% of patients (N:51); among these, in 39.2% it was Only nine adult patients (4.4% of patients observed, N: 206) with chronic hypoparathyroidism had hypocalcemia, hyperphosphatemia and hypercalciuria simultaneously, and none among patients with PHP. The renal function data (creatinine and eGFR levels) were not collected at baseline evaluation, but will be monitored in future prospective studies.
The level of 25 hydroxyvitamin D was available for 44.4% of the patients with chronic hypoparathyroidism (N: 226); among these, 42.3% were within range (30-100 ng/dl), and under 30 ng/dl in 57.7%. This parameter in PHP patients was available for 42.8% (N:12), and among these was within range in 25%, and under 30 ng/dl in 75%.
In adult patients with chronic hypoparathyroidism, the mean value of bone turnover markers, performed in 20% of patients, showed a normal-low bone turnover (bone alkaline phosphatase: mean value in adults 11.45 mcg/l, range 4-22.5; urinary deoxypyridinoline: mean value in adults 5.27 nmol/mmol, range 3-7.4). Bone turnover markers were not measured in patients with PHP.
Bone Status
Regarding instrumental exams, dual-energy X-ray absorptiometry (DXA) to measure bone mineral density (BMD) was performed only in 180 patients (35.4%), among these, 171 adults. This analysis is thus limited by the low number of patients who underwent this type of instrumental exam; however, the mean values of BMD in this population of patients showed high-normal values, except for a few cases (mean value in adult patients: lumbar BMD 1.047 ± 0.236, T score: − 0.2 ± 2, Z score: 0.4 ± 1.9; total femur BMD 1.010 ± 0.570, T score: − 0.3 ± 1.2, Z score: 0.5 ± 1.2; and femur neck 0.853 ± 0.302, T score − 0.8 ± 1.8, Z score 0.1 ± 1.2). In PHP patients, DXA was performed in 16 adult subjects (57.1%), and the mean values of BMD were: lumbar BMD 1.307 ± 0.146, T score: 0.1 ± 1.6, Z score: − 0.5 ± 1.1; total femur T score: − 1.1 ± 0.1, Z score: − 0.9 ± 0.0, and femur neck T score − 0.9 ± 0.3, Z score − 1.10 ± 0.1. Three patients with chronic hypoparathyroidism having lumbar T score values < − 2.5 were identified (mean -2.9, min: − 2.8, max: − 3.1), and T score femur equal to − 1.5. All three cases are subjects > 50 years of age (mean age 61), two female and one male.
Others Instrumental Exams
In 23.4% of patients with chronic hypoparathyroidism, further ultrasound or radiological examinations were performed, such as echocardiogram (8.5% of total), audiometry (0.4% of total), cranial computed tomography (CT) (7.3% of total), and X-ray examination of the skeleton (7.3% of total). In PHP patients, echocardiogram was performed in 21.4%, audiometry in 7.1%, and CT in 25% of total. Among 44 patients with chronic hypoparathyroidism and 6 with PHP, who underwent echocardiogram, cardiac hypertrophy was reported in 4 adult patients (2 patients with postsurgical hypoparathyroidism, and 2 with PHP). The average duration of hypoparathyroidism was variable (mean duration: 10 years, min: 1 year and max: 20 years). All patients were treated with calcium and calcitriol with average dosages of, respectively, 1.8 g/day (min: 1 g/day, max: 2 g/day) and 0.62 mcg/day (min: 0.25 mcg/day, max: 1 mcg/day). Moreover, five patients showed valvular calcifications (four cases of postsurgical hypoparathyroidism, and one case of hypoparathyroidism associated with APS1). The average duration of hypoparathyroidism was variable (mean duration: 15 years, min: 1 year and max: 38 years). All patients were treated with calcium and calcitriol with average dosages of, respectively, 2.4 g/day (min: 1.5 g/day, max: 4 g/day) and 0.75 mcg/day (min: 0.5 mcg/day, max: 1 mcg/day). Among 44 patients, of which 7 with PHP, who underwent cranial CT, 33 (75%) showed cerebral calcifications; of these, 11 were affected by genetic forms of hypoparathyroidism, 20 by idiopathic forms, and the remaining by postsurgical forms. A case of tetralogy of Fallot was identified in a patient with DiGeorge syndrome.
Genetic Data
Genetic analysis was performed in 80 subjects only, and a genetic diagnosis was established in only 65 cases. Thirtyfour were diagnosed with mutations of AIRE gene (APS1), 20 with mutations of GNAS (guanine nucleotide-binding protein, alpha-stimulating) gene (PHP type 1a and 1b), 5 
Treatment
Regarding chronic hypoparathyroidism treatment at baseline evaluation, most patients were treated with calcium and vitamin D supplements (metabolites and analogs) and a few cases (adult patients) treated with rhPTH (1-34), in particular, 10 subjects (7 with postsurgical hypoparathyroidism, 1 with APS1, and 2 with idiopathic hypoparathyroidism).
In adult patients with chronic hypoparathyroidism, the mean doses of calcium and calcitriol supplementation (considering, respectively, 8% and 10.7% of missing data) were, respectively, 1.62 ± 0.98 g/day (mode: 1 g/day) and 0.69 ± 0.48 mcg/day (mode: 0.50 mcg/day), of cholecalciferol (taken only by 16.9% of total number of adult patients) 1668 ± 1343.3UI/day. Hydrochlorothiazide, a thiazide diuretic, was used by 11 cases (2%); of these, 3 were affected by idiopathic forms and 8 by postsurgical forms. Of note, 74 patients (16.1%) needed large amounts of calcium supplementation (> 2.5 g) and 17 (3.7%) needed large amounts of calcitriol supplementation (> 1.5 mcg/day), and only 3 patients (0.7%) took these doses of both drugs.
In adult PHP patients, the mean doses of calcium and calcitriol supplementation (considering, respectively, 17.6% and 11.8% of missing data) were, respectively, 1.83 ± 0.98 g/ day (mode: 2 g/day) and 0.70 ± 0.28 mcg/day (mode: 0.50 mcg/day), of cholecalciferol [taken by 14 cases (2220 ± 860 UI/day)]. Of note, two patients needed large amounts of calcium supplementation (> 2.5 g).
Discussion
Data relating to the epidemiology and clinical-therapeutic characterization of chronic hypoparathyroidism are not yet well defined, especially in Italy, where only one study has investigated the prevalence of hypoparathyroidism among hospitalized patients through a retrospective register-based study [13] .
Our observational retrospective study collected 537 clinical cases with chronic hypoparathyroidism, of which 28 with PHP, referred to 20 specialized medical and surgical centers, including a comprehensive description of demographic, etiological, clinical and therapeutic data. The centers involved are limited in number, but evenly distributed throughout the Italian territory (including 11 regions), and characterized by long-term expertise on this rare endocrine disorder.
The analysis of this database confirmed that most patients affected by chronic hypoparathyroidism were female, and the most common form of this disease was postsurgical hypoparathyroidism, as described in literature [11, 13] . Among the cases of postsurgical hypoparathyroidism, most cases occurred after a total thyroidectomy, followed by parathyroidectomy with removal of the parathyroid glands, confirming, also in this case, data in literature [10] . Our data also revealed a further subdivision, not performed in other studies, between the subjects under and over/equal to 18 years, showing that most causes of chronic hypoparathyroidism described under 18 years of age were syndromic forms of genetic hypoparathyroidism, in particular APS, while the most frequent cause of chronic hypoparathyroidism described over/equal to 18 years of age was neck surgery, in particular post-total thyroidectomy. Moreover, in our database several cases of idiopathic forms were identified, probably due to the fact that genetic investigations and instrumental exams were carried out only in a fraction of the probands. Therefore, an assessment of the mutations associated with hypoparathyroidism should be performed more frequently and, in the future, research for new mutations causing hypoparathyroidism should be implemented.
In a few cases, a DXA exam was carried out at baseline evaluation; among those analyzed, a high-normal bone mass density than age-and gender-matched controls was described, in accordance with a low bone turnover profile typical of the disease [1, 17, 18] . Recent studies have described that the higher BMD in hypoparathyroidism is due in large part to an increase in bone tissue volume rather than an increase in amount of mineral within the tissue, and that there is an increase in cancellous bone volume and trabecular thickness, and a higher trabecular number and trabecular connectivity in comparison with matched control subjects [1, 19] . However, further studies are necessary for a better understanding of bone pathophysiology and bone quality in hypoparathyroidism, as well as the biomechanical and metabolic effects of a disease which, until a few years ago, were poorly studied.
Regarding cardiovascular complications, only a small percentage of patients were examined with echocardiogram. Cardiological monitoring of these patients will allow us to increase our knowledge of the natural history of this pathology, and the impact of the diseases and its therapies from this point of view.
Basal ganglia calcification is a typical complication of chronic hypoparathyroidism [1] . In our cohort, the prevalence of cerebral calcifications was high at 75% of the small subset, with imaging to review at baseline evaluation, as reported in another study [20] . Other studies described a lower percentage; however, all analyses were conducted on a small cohort [17, 21] .
Regarding biochemical exams, overall, the data collected at the baseline evaluation showed numerous cases with values above or below the reference range of corrected serum calcium, serum phosphorus, and 24 h urinary calcium, in accordance with the known difficulty to maintain these levels within the range of normality [1, 14, 20, 22] . Of note, only 18.9% of patients with chronic hypoparathyroidism had serum-corrected calcium between 8.0 and 8.5 mg/dl, and 13.6% in PHP patients. An analysis of the biochemical tests performed over a long period of follow-up could provide a broader assessment of the control of calcium-phosphate homeostasis. However, the evaluation of biochemical exams at baseline visit, being evaluated on a large number of patients, although in the presence of missing data, can give an indication of the challenges associated with the control of calcium-phosphate homeostasis. Sub-optimal serum calcium levels can cause paresthesias, prolonged QTc on ECG (electrocardiogram), impaired renal function, brain fog, dizziness, and reduced quality of life. On the other hand, an elevated serum calcium-phosphate product, albeit found in a small percentage of our patients, can lead, over the years, to soft tissue extraskeletal calcifications, typically seen in the brain (especially basal ganglia calcifications) and in the kidney (stones and nephrocalcinosis) [23, 24] .
In more than half of all cases observed, serum 25 hydroxyvitamin D concentration was under 30 ng/dl, and in almost 40% serum magnesium was low in adult patients evaluated. These two data emphasize the importance of providing an adequate supplementation of cholecalciferol and magnesium in these patients. In particular, 25 hydroxyvitamin D is probably important in several cellular processes, because intracellular hydroxylation to active vitamin D occurs in many different cells, such as bone, gut, and prostate. Moreover, a status of vitamin D insufficiency can be associated to neuromuscular problems. Therefore, it is reasonable to ensure an adequate vitamin D status also in these patients [14] .
Regarding management of chronic hypoparathyroidism at baseline evaluation, in almost all cases, standard treatment options were used (oral calcium, metabolites and vitamin D analogs), except for a few cases treated with rhPTH (1-34), since the conventional treatment was not able to adequately control the disease. Among patients prescribed with standard treatment, a small group required large amounts of calcium and calcitriol. Although this group is a small percentage compared to the total number, it represents a serious therapeutic problem, considering the risk of long-term complications (i.e. nephrolithiasis, nephrocalcinosis, renal impairment, cataracts and cerebral calcifications).
In the future, biochemical exams, as recommended by recent guidelines [14, 15] , should be collected and analyzed with longitudinal prospective studies in association with a monitoring of complications, and doses of calcium supplements and vitamin D required, to define the percentage of patients adequately treated, or not, with conventional treatment in accordance with the guidelines [14, 15] .
Conclusions
In conclusion, this study represents one of the first largescale assessments of epidemiology of chronic hypoparathyroidism at expert medical-surgical centers, distributed homogeneously in the Italian territory. The differences in the number of cases in each center can be linked to the diversity of type and location of hospitals.
However, the study has some limitations, such as the absence of some clinical data, especially given that the analysis was retrospective in nature. In addition, patients with mild presentations could not be referred to these specialized centers, resulting in an underestimation of the true burden of the disease at each center. Nevertheless, the project introduces the possibility of a future large-scale prospective analysis that would help define the exact prevalence/incidence of chronic hypoparathyroidism in Italy, associated with a complete clinical and therapeutic characterization. Considering the prevalence reported in the cited Cipriani et al. paper [13] , although focused on cases of postsurgical hypoparathyroidism and, therefore underestimated, the group of patients with hypoparathyroidism of our database could represent about 1/5 of Italian hypoparathyroidism patients. Therefore, the registry will have to be expanded in the future. In this regard, this database is already the basis for new projects, aimed at the creation of new registries. Moreover, a longitudinal prospective observational nationwide study, performed over a long period, could also provide information on the natural history, short-and long-term complications, and healthcare costs of this important endocrinological chronic disease and related treatment. These analyses will also be useful in consideration of the new possible hormone replacement therapy with rhPTH (1-84), which will soon be available also in Italy [25, 26] . Of note, future prospective studies could investigate bone fracture risks and ocular, cardiovascular, renal, neurological, and psychological complications in these patients, and the results will provide further guidance in this regard.
